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Tom20 locates at outer membrane of mitochondria and recognizes the N-termi-
nal presequence of mitochondrial-precursor proteins. Recently, three atomic
structures of the Tom20-presequence complex were determined using X-ray
crystallography and classified into A-pose, M-pose, and Y-pose in terms of
the presequence-binding forms. From the experimental data, a dynamic-
equilibrium model has been proposed for this system, although its functional
role has been still elusive. To understand this in detail, we performed all-
atom molecular dynamics (MD) simulations of the Tom20-presequence com-
plex in explicit water. We used the replica-exchange molecular dynamics
(REMD) method as an enhanced sampling technique to obtain a reliable
free-energy landscape. One major distribution and another minor one were ob-
served at 300 K in the landscape. using k-means clustering algorithm, we found
structures similar to A-pose and M-pose in the major distribution, and those
similar to Y-pose in the minor one. A new structure (S-pose), which has double
salt bridges between Arg14 in presequence and Glu78 or Glu79 in Tom20 can
interpret previous pull-down assay experiment on binding affinity of the
Tom20-presequence complex. Correlations between binding pose of prese-
quence and domain motion of Tom20 were consistent with X-ray structures.
Hydration analysis of the REMD trajectory shows that a hydrophobic residue
in presequence that does not directly attach to Tom20 has a role to prevent
water from penetrating the interface between the presequence and Tom20. In
summary, solution structures of the Tom20-presequence complex observed
in the REMD simulations are consistent with the dynamic-equilibrium model
based on the X-ray crystal structures.
3414-Pos Board B569
Different Scale Conformational Changes of SERCA Analyzed with Motion
Tree Method
Chigusa Kobayashi1, Ryotaro Koike2, Motonori Ota2, Yuji Sugita1,3.
1RIKEN, Wako, Saitama, Japan, 2Nagoya University, Nagoya, Aichi, Japan,
3RIKEN AICS, RIKEN QBiC, Kobe, Hyogo, Japan.
Proteins have flexibility, and undergo relevant conformational change upon
ligand binding or an alteration of environment. In many cases, these conforma-
tional change affect reaction activity of the proteins, i.e., the conformational
changes of proteins are important to the functions. Many biologically-
significant proteins exhibit multiple reaction steps to complete their functions.
The proteins havemore than two reaction sites and allosteric effects are observed
frequently. To analyze the conformational changes at each of multiple steps and
clarify their relationships to the biological functions, new methodology to
describe the conformational change is required. We apply the motion tree algo-
rithm originally developed by Koike et al. to a representative P-type ATPase,
Sarcoplasmic reticulumCa2þ-ATPase (SERCA), as an example of large proteins
composed of multiple domains. SERCA is the best studied member of P-type
ATPases. Atomic structures of SERCA in different physiological states have
been determinedwithX-ray crystallography. To uptakeCa2þ from the cytoplasm
to sarcoplasmic reticulum lumen against a large concentration gradient, SERCA
undertakes rearrangements of the transmembrane helices coupled with large-
scale cytoplasmic domain movements. Thus, SERCA is an appropriate multi-
domain protein to investigate the interplay between conformational change
and biological function. We detect characteristic conformational changes in
the reaction steps.We also perform 100nsmolecular dynamics simulations start-
ing from either of E2 and E2Pi states and analyze the conformational change
seen in the trajectories. Themethod is effective to detect essential conformational
changes within the trajectories including large fluctuations in more detail.
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N-glycans play essential roles in many biological functions such as protein
quality control and cell-to-cell communications. Nuclear Magnetic Resonance
(NMR) and Mass Spectroscopy (MS) are powerful experimental means to
analyze glycan structures, but a precise characterization of various glycan con-
formers are still challenging. We performed replica-exchange MD (REMD)
simulations of N-glycans to identify a family of conformers to interpret exper-
imental data. The results show that N-glycans have distinct multiple con-formers and their population sizes change
upon the chemical modifications. The ex-
perimental NMR data (NOEs, J-couplings)
and MS data (collision cross sections) are
well reproduced taking the multiple con-
formers into account. For example, the dif-
ference in the major conformer between
two isomeric N-glycans leads to the differ-
ent distribution of collision cross sections
observed in the experiment. Further details
of the analyses as well as future perspective
will be discussed.
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Thyroid stimulating hormone (TSH), a glycoprotein hormone consisting of two
distinct subunits, binds to its receptor (TSHR) and regulates the production and
secretion of thyroid hormones via a complex signaling cascade. Two recent
works have reported the crystal structure of stimulating and blocking type
antibody-Fab fragments binding to the ectodomain of the TSHR . However,
as of today no crystal structure of the TSH-TSHR complex has been reported.
In this work, homology modeling of TSH has been carried out with Modeller
(Sali and Blundell 1993) using the crystal structure (PDB ID: 1FL7) of the re-
lated follicle stimulating hormone (FSH) as the template (Fox, Dias et al. 2001).
A fast molecular dynamics minimization of the structure has been performed as
part of the Modeller routine. Docking of TSH on the TSHR was carried out on
the HEX server (http://hexserver.loria.fr/) and residual contacts of the TSH-
TSHR complex have been identified. Conformational studies and the free
energy of binding will be reported based on Molecular Dynamics simulations
using the AMBER force field. The calculations will be complemented by ex-
perimental determination of the binding affinity using Surface Plasmon Reso-
nance (SPR). This study provides useful insight into the kinetics and dynamics
of TSH binding to its receptor.
Fox, K. M., J. A. Dias, et al. (2001). Molecular Endocrinology 15(3): 378-389.
Sali, A. and T. L. Blundell (1993). Journal of Molecular Biology 234(3):
779-815
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Functional coupling betweenmitochondrial creatine kinase (MtCK) and adenine
nucleotide translocase (ANT) can play an important role in determining energy
transfer pathways in the cell. MtCK, which is an octameric enzyme, catalyzes
the conversion of creatine (Cr) and consumes adenosine triphosphate (ATP) to
create phosphocreatine (PCr) and adenosine diphosphate (ADP). Mitochondrial
CK is located partly in contact sites of outer and innermitochondrial membranes
and partly in the cristae region, but always firmly attached to the innermembrane
and in the vicinity of transmembrane ANTs. It is shown that MtCK binds elec-
trostatically to the negatively charged cardiolipins (CL) of the inner membrane.
CL is a kind of diphosphatidylglycerol lipid and is found almost exclusively in
the inner mitochondrial membrane where it is essential for keeping spatially
close and functional CK, ANT and other respiratory complexes. The formation
of contact sites of CK-ANTbyCL patches is a dynamic process and important to
understand at atomistic level, which is the main goal of this work.
The molecular dynamics simulation technique is used to study the atomistic de-
tails of the functional role of CL close to mitochondrial CK and ANT com-
plexes. The thermodynamics-based coarse-grained force-field, called
MARTINI (version 2.0), has been used together with the GROMACS molecu-
lar dynamics package (version 4.5.4) for a model of a patch of the mitochon-
drial inner membrane containing several transmembrane ANTs, and a single
CK above the membrane. The membrane model consists of three major type
of lipids - phosphatidylcholine, phosphatidylethanolamine and cardiolipin in
roughly 2:1:1 molar ratio.
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Activation of blood coagulation factor X to Xa plays central role in the clotting
cascade. The protein-protein complex between the co-factor VIIIa and the
666a Wednesday, February 6, 2013proteolytic enzyme IXa is involved in the activation of X in the intrinsic coag-
ulation pathway. Despite a large body of experimental data in understanding
the specific protein-protein interaction sites within the tenase complex as
well as the structure-function relationship between the tenase complex and
X/Xa, the precise atomic level understanding of these interactions is not well
understood, essentially due to lack of experimental X-ray crystal structure
for the complex. In this presentation, we propose a solution structure for the
complex between the activated co-factor VIIIa (a 1383 residue length five-
domain protein) and the activating enzyme IXa (a 379 residue length four-
domain protein). A systematic protein-protein docking approach was employed
to generate a pool of 50 best docking poses between fVIIIa and fIXa. The start-
ing structures for fVIIIa and fIXa were derived from explicit-solvent MD sim-
ulations of several hundred nanoseconds. A consensus structural complex
(fVIIIa:fIXa) was identified that satisfied several possible distance constraints
within the complex as well as existing genetic and experimental mutagenesis
data. The docked complex was further refined for 150ns of MD refinement in
explicit water to obtain a stable solution structure. The specific inter- and
intra-domain interactions between the co-factor VIIIa and the enzyme IXa
will be discussed.
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Long-chain fatty acids form the membranes of every living cell and are an im-
portant component of energy storage and metabolism for higher organisms.
Biosynthesis of fatty acids occurs over multiple iterations of a cycle of seven
successively repeated reaction steps, each extending the growing acyl chain
by two carbon atoms. Chain length is precisely controlled, with eukaryotic met-
abolic systems producing almost exclusively palmitic (C16) and stearic (C18)
acids.
Here we consider the fungal fatty acid synthase (FAS), a 2.6MDamulti-enzyme
complex consisting of six heterodimers, which catalyses nine separate reactions
across eight distinct types of active site. The high local concentrations resulting
from this arrangement, further facilitated by an integral ‘shuttle’ domain, en-
able more efficient processing than could be achieved with freely diffusing
enzymes.
To elucidate how the extremely tight control of chain length is achieved from
the perspective of the underlying molecular recognition processes, we used
atomistic molecular modelling, molecular dynamics simulation and calculation
of relative enzyme-substrate binding free energies. We focus on two key active
sites, respectively responsible for elongation and termination, and establish that
a relatively simple model of their interplay can explain the observed product
spectrum, and that our method correctly predicts changes in chain length aris-
ing from tested mutations.
These findings will direct ongoing work in which the synthetic machinery of
the FAS complex is manipulated for the production of non-native products.
The developed methods will contribute to techniques available for rational
enzyme engineering.
3420-Pos Board B575
Aggregation States Driven by Dipole Interactions Regulates Action
Mechanism of Polyene Antibiotics
Mauricio Carrillo-Tripp1, Xavier Periole2, Acione Garcı´a-Gonza´lez3,
Marcel Espinosa-Caballero4, Cristina Vargas-Gonza´lez4, Alex H. de Vries2,
Iva´n Ortega-Blake5.
1Langebio-Cinvestav, Irapuato, Mexico, 2University of Groningen,
Groningen, Netherlands, 3Universidad Auto´noma de Nuevo Leo´n,
Monterrey, Mexico, 4Cinvestav, Me´rida, Mexico, 5Instituto de Ciencias
Fı´sicas - UNAM, Cuernavaca, Mexico.
Due to its clinical relevance, the action mechanism of the polyene antibiotic
Amphotericin B (AmB) has been studied extensively using both experimental
(Venegas-Cotero et al 2003, Kasai et al. 2008) and theoretical (Baginski et al.
2005, Czub et al. 2007) approaches. AmB is currently the drug of choice for
treating advanced systemic fungal infections in spite of having a strong collat-
eral toxicity. There is evidence showing that AmB acts at the cellularmembrane.
However, AmB aggregation could occur in the aqueous solution previous to ab-
sorption into themembrane. These aggregation states have been proposed as one
of the molecular factors responsible for its action mechanism (Bolard 1991,
Szlinder-Richert 2001). The molecular details of this process, in terms of spatial
configuration and interaction energy, are poorly understood.
In this work, the molecular aggregation mechanism, as a function of AmB con-
centration in water, was studied through molecular dynamics. Hydrophobic
forces, hydrogen bonding and dipole-dipole interactions were characterized.At low concentration not all possible dimer configurations were observed. After
running a Potential of Mean Force analysis, one dimer configuration was iden-
tified as the most energetically favorable. In this, both molecules are interacting
head to tail in an antiparallel fashion. When increasing concentration, the drug
still aggregates quickly (within 50 ns), forming higher aggregates. In all aggre-
gation states found, dipole-dipole interactions were identified as the main inter-
acting force. In addition, since AmB is believed to absorb into the membrane,
Free energy of solvation in low dielectric media, and the partition coefficient as
a function of aggregation state, were calculated. Our results show that AmB ag-
gregates before membrane absorption.
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EMCCDs are widely used in super-resolution and single molecule imaging
methods. These techniques rely on photoelectron counts for particle detection
and calculating localization precision of single molecules, making accurate cal-
ibration of EMCCD camera counts to photoelectrons unit necessary. Calibra-
tion methods used in literature include shot noise based calibration and
manufacturer-provided formulas, but there is no general consensus and the ac-
curacy of these methods has yet to be verified. First, we directly measure the
light response of an EMCCD using a photon counting approach. We use
a greatly attenuated laser to illuminate a few pixels on an EMCCD and compare
the EMCCD counts to the readout of a photon counting photomultiplier tube
placed in the same position. Second, we process uniformly illuminated
EMCCD images to isolate shot noise as the dominant noise course to create
an adjusted mean-variance method of calibrating EMCCDs. We verify this ad-
justed mean-variance method using our photon counting approach. Third, we
compare these results to the theoretical values from the EMCCD calibration
methods used in literature. To test our modified calibration method, we exam-
ine single molecule localization data and compared the data to existing models.
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Super resolution microscopy techniques such as fluorescence photo-activation
localization microscopy (FPALM), photo-activation localization microscopy
(PALM), and stochastic optical reconstruction microscopy (STORM) have rev-
olutionized biological microscopy by allowing an increase in final image resolu-
tion by a factor of ten over traditional diffraction limited microscopy. Cells are
labeled with photo-activatable/switchable fluorescent molecules which become
sparsely activated through a time series of laser illumination and imaging, which
records each molecule as a diffraction limited spot. Analysis localizes the posi-
tion of eachmolecule using its image. The localizedmolecule positions are com-
bined to formafinal super resolution image.Recent advanceswith thesemethods
have enabled the determination of the orientation of individual proteins within
samples, the tracking of individual proteins in living samples, the imagingof pro-
teins in three dimensions, and the distinction of multiple fluorescent species.
Here, we focus on multispecies imaging. Previous super-resolution multicolor
techniques have relied upon splitting the fluorescence signal from multiple spe-
cies into channels of different wavelength bandwidths using dichroic mirrors;
the ratio of intensities between these channels provides the means of species
distinction. Alternatively, interchanging multiple excitation lasers can excite
different fluorescent species at different time periods. Here, we present an al-
ternative method for super-resolution FPALM multispecies imaging. We use
a combination of optics to measure the spectral distribution of single molecule
fluorescence. In this way we can distinguish multiple distinct fluorescent spe-
cies. We have applied this technique successfully to obtain super-resolution
FPALM images, visualizing multiple photo-activatable fusion proteins simul-
taneously within NIH-3T3 fibroblast cells.
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Single molecule imaging is a useful tool for confirming protein-protein interac-
tions using small sample volumes. Here we present our studies of antibody
binding to antigen captured on a surface using fluorescently labeled antigen
and antibody. using total internal reflection fluorescence microscopy we
